Modern biochemistry and molecular biology would be impossible without discoveries in related fields
T he original Nobel Prizes were established in 1895 in the fields of Physics, Chemistry, Physiology or Medicine, Literature, Peace [1] . In 1968 the Swedish central bank set up The Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred Nobel, which is better known as the Nobel Memorial Prize in Economic Sciences. There is no the Nobel Prize in Biochemistry and Molecular Biology, since these sciences are too young. "Biochemistry is a young science, having been known under that term only since about 1900. Its origins, however, can be traced much further back; its early history is part of the early history of both physiology and chemistry" [2] . Molecular biology as a separate field of biochemistry started forming in the 1930's and finally established in the 1950's [3] . However, were Alfred Nobel alive today, he would definitely establish the prize in biochemistry and molecular biology due to the fact that many discoveries in these fields of sciences became sensational and had a great scientific and social significance.
The recognition of pluralistic interpretation of reality in postmodern era forces scientific community to reconsider the entire scientific worldview. Many well-established scientific theories give rise to the new multifaceted branches of knowledge and are quite often altered by them. This leads to the new explanation and understanding of reality [4] .
Biochemistry is also chemistry that explores the chemical processes within and/or related to living organisms. Using chemical tools and focusing on the processes at a molecular level, biochemistry seeks to explain and solve the enigma of life. Largely rooted biochemistry, molecular biology is concerned with molecular structures and phenomena that provide storage of hereditary information and mechanisms for its implementation. Thus, biochemistry and molecular biology may be seen as the foundation of the Life Sciences.
Modern biochemistry and molecular biology would have been impossible without discoveries in related fields of science, in particular, the discoveries doi: https://doi.org/10.15407/ubj90.04.135 of the famous scientists who have won the Nobel Prizes. This paper aims to outline briefly the main stages of scientific activity of a Nobel Prize winner -German chemist Hermann Emil Fischer who is known as the "Father of Biochemistry" [5] .
Herrmann Emil Fischer is regarded as one of the leading chemists of all times. His insights into the structures of sugars, enzymes, proteins, and purines laid the foundations for modern biochemistry. The second Nobel Prize in Chemistry 1902 was awarded to Emil Fischer "in recognition of the extraordinary services he has rendered by his work on sugar and purine syntheses" [6] . His work had a direct relation to biochemistry, as well as his subsequent research. The discovery of hydrazine derivatives was a brilliant solution to the problem of obtaining sugars and other compounds synthetically. Moreover, his method of synthesis of glycosides proved to be important for plant physiology and biochemistry. In his Nobel lecture, [7] .
In 1902, Fischer's exploration of protein properties had not yet given the results to be awarded with such a high reward, but later they were evaluated as excellent.
Hermann Emil Fischer was born on October 9, 1852, at Euskirchen, in the Cologne district, Germany, in the family of successful businessman Laurenz Fischer and his wife Julie Fischer. After three years with a private tutor Emil Fischer attended the local school, then he spent two years at school at Wetzlar, and two more at Bonn. In 1869, he passed his final exami nation with great distinction. Emil loved science, his bright mind wanted to pursue higher studies, but his father wished him to enter the fami ly lumber business. Being quite an unsuccessful businessmen, in 1871 Emil Fischer went to the University of Bonn to study chemistry. He attended the lectures of Kekulé, Engelbach and Zincke, Kundt on physics, Groth on mineralogy [7] .
Initially inclined to specialize in physics, he moved to the newly established University of Strasbourg in 1872, along with his cousin Otto Fischer who would later become his research partner. Here Emil met Adolf von Baeyer, an organic chemist who studied dye molecules and later won the Nobel Prize, and finally decided to study chemistry.
Fischer worked on the phthalein dyes. In 1874 he took his PhD at Strasbourg with the thesis on fluorescence and orcin-phthalein. In the same year he was appointed assistant instructor at Strasbourg University where he began his magnificent scientific path. He discovered phenylhydrazine and demonstrated its relationship to hydrazobenzene and to sulphonic acid. Despite the fact that for twelve years Fisher had suffered from the toxic effects of this subHermann emil Fischer (1852 Fischer ( -1919 adolf von Baeyer (1835 Baeyer ( -1917 stance, he later called phenylhydrazine "the first and greatest chemical affection". This discovery was related to a lot of Fischer's explorations [8] .
In 1875 Fischer accompanied von Baeyer to the University of Munich as an assistant. Three years later, in 1878, title of Privatdozent was conferred on him and he was allowed to teach university level courses. In 1879 he was appointed Associate Professor of Analytical Chemistry. During this time he was absorbed by the study of hydrazines.
In 1881 he was appointed Professor of Chemistry at the University of Erlangen.
In 1885 he became Professor of Chemistry at the University of Würzburg.
In Hermann Otto Laurenz Fischer (1888 Fischer ( -1960 war. He became a famous organic chemist and biochemist; was Professor of Biochemistry at the University of California at Berkeley [10] .
In 1892 Emil Fischer was asked to succeed A. W. Hofmann in the Chair of Chemistry at the University of Berlin. Here he remained until his death in 1919 [7] . Suffering from terminal cancer and deeply depressed over the deaths of two of his three sons in World War I, he took his own life.
Emil Fischer was a brilliant scientist who left his mark in organic chemistry, physio logy, medicine, gave impetus to the development of biochemistry. His early significant discovery was the first hydrazine derivative compound -phenylhydrazine. Working in Munich with Otto Fischer, they introduced their theory of the constitution of triphenylmethane dyes and proved it by experiment [11] . Along, Emil Fischer continued working on the hydrazines.
At Erlangen Fischer investigated the active substances of tea, coffee and cocoa, isolating caffeine from tea and coffee and theobromine from cocoa. He demonstrated that caffeine and theobromine, uric acid and guanine, adenine and xanthine have a simiPhenylhydrazine formula lar structure and can be derived from one another. He came to the conclusion that they belong to one family. The 'mother' substance he called purine in 1884 and synthesized it in 1898 [7] . These animal products are joined by three substances from the vegetable kingdom, caffeine, theobromine and theophylline" [7] .
Reporting on his work, Fischer mentioned these purines:
Purines are one of the most widespread classes of organic compounds present in Nature [7] . Adenine and guanine are the building blocks of DNA. The famous scientist synthesized about 130 related compounds, one of which was the first synthetic nucleotide. These studies led to the synthesis of powerful hypnotic drugs derived from barbituric acids (barbiturates) [12] .
Working on purines, Fisher began his great work on sugars in 1884. Fisher started with exploring glucose trying to figure out the shape of carbon skeleton, as well as the nature, location and spatial positioning of its functional groups. Developing new reagents, methods, procedures, he was successful to interpret his experimental results [13] . Previously discovered phenylhydrazine made it possible to form the phenylhydrazones and the osazones. He established the structural relationship between glucose, fructose and mannose; the stereochemical nature and isomery of the sugars, determined the group of sugars known as hexoses. He devised the Fischer Projection method to represent the three-dimensional structures of molecules on a 2D surface instead of drawing a more detailed 3D structural representation of the molecule. By convention, horizontal lines symbolize bonds projecting from the plane of the paper toward the viewer, while vertical lines symbolize bonds projecting away from the viewer [14] . This method is used to depict all classes of optical isomers [15] :
Investigating sugars, Fischer went deeper into the fermentation caused in sugar by enzymatic action. His pioneering work on organic compounds including purines and sugars led him to the Nobel Prize he won in 1902.
One of the fundamental discoveries in the scope of biochemistry credited to Emil Fischer is the lockand-key model for the reaction between enzymes and substrates. It suggests that the enzyme and the substrate possess specific geometric shapes that are complementary to each other and fit into each other. The active site of the enzyme is like a lock and the substrate fits like a key into this lock. This theory "became a leading concept for the understanding of intermolecular interactions with proteins, and later for the rational design of drugs. With the advent of supramolecular chemistry the idea gained an enormous momentum, as chemists began to synthesize a large variety of host compounds for practically all possible target guest molecules occurring in nature or in the environment", though this theory has some limitations and extensions [16] .
Fischer's investigations into the chemistry of proteins began 1899. Before synthesizing peptides, he turned to the amino acids as to the building blocks of them. Fischer introduced methods for separation and identification of amino acids in protein hydrolysates; discovered the new cyclic amino acids, L-Proline and L-Hydroxyproline; synthesized ornithine in 1901, serine in 1902, and the sulphurcontaining cysteine in 1908; created small chains of amino acids as precursors to protein formation [12, 13, 17] . Obtaining amino acids in an optically-active form, Fischer carried out an investigation on the proteins' syntheses. He was able to recognize how the amino acids are linked together by what are known as peptide bond -the type of bond that would connect them together in chains. He obtained the dipeptides, tripeptides, and polypeptides. Fischer's scientific activity led to a better understanding of the proteins and laid the foundations for the further studies.
Emil Fischer was a versatile chemist. Along with studying purines, sugars, proteins, he contributed to other areas: dyes, tanning chemicals, chemical substances in the lichens, indoles, barbiturates. In 1903 he synthesized the first barbiturate -barbituric acid that contributed to the development of affordable sedatives for insomnia and anxiety [18] . Fischer's scientific activity on purines, sugars, proteins has become a launching pad for the further development of biochemistry and molecular biology. "Fischer published more than 600 scientific articles which have been collected in eight volumes under the following titles:
1 [23] . This award for 2017 has been awarded to Prof. Carlo Unverzagt of the University of Bayreuth, Germany, in recognition of his accomplishments in the chemical and enzymatic synthesis of N-glycans and glycoproteins [24] .
